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MT : A unique example for LEO 
satellites, with i = 20° 

i = 20°    MT 

i = 35°  TRMM 

i = 40°  GPM – LIO 

i = 65°  GPM – core 

i = 66°  Jason 

i = 98°  Sun-synchronous 

 



MT Orbit 
Satellite Altitude : h = 866 km. 
Inclination : i = 20° 
Period: T = 102 minutes (14.1 Rev./day) 
 

 
 
 

GPM-core  ……………………….. h = 398 km 
TRMM ……………………………. h = 350 km then 402 km 
 
Terra, Aqua (and A-Train) ……… h = 700 km 
Suomi-NPP …………………....… h = 824 km 



The Orbit of Megha-Tropiques: 
Consequences for the Sampling 
and for the Earth Radiation Budget Studies. 

  1 – Precession of the Orbital Plane  
          (Cycle w.r.t. the Sun) 
  2 – Sun-Target-Satellite Geometry for Angular 

   Distribution Models. 
  3 – Sampling for the Tropical Zone 
  4 – MT and Terra Rendez-vous 
  5 – Orbit Maintenance  
           



Cycle w. r. t. the Sun 
(Precession of the orbital plane) 
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Monthly table 
For a given location 
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MetOp A and B 
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Prescession Cycle 
 
The time interval needed for  
the hour angle of ascending node  
to vary by 24 hr. 
 
 
  For Megha-Tropiques,  
the precession cycle is short : 51 days 



13:30 LTAN Local Time for Ascending Node  

Sun-
synchronous  

satellite 



Cycles w. r. t. the Sun 

  Megha-Tropiques ….  Cycle=51 d    i.e.     -28 minutes per day 
  GPM-core ………………. Cycle=82 d     i.e.    -18 minutes per day 
  Sun-Synchronous S.  Cycle:infinity  i.e.        0 minute per day 

LTAN: Local Solar Mean Time of the Ascending Node  
= Equatorial Crossing Time 
 
 



Sun-Target-Satellite Geometry 
for Angular Distribution Models 
 
(Earth Radiation Budget Studies) 
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Sun-Target-Satellite 
Geometry 
 
 
 
 
 
 
 
SZA: Solar Zenith Angle 
VZA: Viewing Zenith Angle 
RAA: Relative Azimuth Angle 
 
 
Discretization of the S-T-S Geometry 
with Angular Bins 
 
Bins of 10 degrees for SZA and VZA 
Bins of 20 degress for RA 
 
SZA: 0° to  90°  Bin I : 1 to 9 
VZA: 0° to  90°  Bin J : 1 to 9  
RAA: 0 to 180°  Bin K : 1 to 9  
 



 
 
 
 
 
 
 
 

Example 
 
SZA: Solar Zenith Angle 
VZA: Viewing Zenith Angle 
RAA: Relative Azimuth Angle 

In this graph: 

θo  (or  SZA) = 48°  Bin I = 5 

θ   (or VZA) = 32°  Bin J = 4 

φ   (or RAA) = 38°  Bin K = 2 

Discretization of the S-T-S Geometry with Angular Bins 

 
SZA : Bin I = 1 (0° to 10°), I = 2 (10° to 20)°,    …. I = 9 (80° to 90°) 

VZA : Bin J = 1 (0° to 10°), J = 2 (10° to 20)°,  …. J = 9 (80° to 90°) 

RAA : Bin K = 1 (0° to 20°), K = 2 (20° to 40)°, …. K = 9 (160° to 180°) 

(5, 4, 2) 



 
 
 
 
 
 
 
 

(5, 4, 2) 
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Sampling  
for the Tropical Zone 
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  Particular point, 
resulting of the 20-degree inclination: 
for the latitudes between 10° and 25°  
(North and South),  
the temporal sampling is represented by  
- a « pack » of overpasses  
- followed by a « lack » (without overpass). 



Sampling for the interval 07:00 – 17:00 
(10 h. day-light between 7 am and 5 pm) 

 
MT: October and November 2012 







Mean number of overpasses 



Megha-Tropiques and Terra  
Rendez-vous 
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Megha-Tropiques / ScaRaB and Terra / CERES 
 

In-space and in-time Rendez-vous  

  Example: April 17, 2012. 03:10 UTC 



Megha-Tropiques / ScaRaB and Terra / CERES 
 

In-space and in-time Rendez-vous  



 Swath Geometry 
for ScaRaB / MT 
and CERES/Terra 

 
 







Prediction  
by Ixion. 
 
Norad (Two-Line 
Elements) 
5 days in advance. 

Results 
 

with pixel coordinate 
provided by 
the space agencies: 
NASA for Terra, 
ISRO for Megha-Tropiques. 



Orbit  
Mantenance 
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MT: a very accurate Orbit Maintenance 
Equivalent altitude:  h = a - R 

- 75 meters 

+ 75 meters 200 meters 



Terra Orbit Maintenance 

200 

meters 



Aqua Orbit Mantenance 

200 m 



Terra: Equatorial Crossing Time 

22:30 

22:31 

22:28 



Aqua: Equatorial Crossing time 

13:35 

13:32 

13:40 



Ground-track: 
 
Difference for  
Day D 
and 
Day D+7 
 
about 2 km 
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Appendix 









MetOp A and B 







6 consecutive overpasses 

Instrument SAPHIR 





NORAD  
Two-line Elements (TLE) 
  a   semi-major axis 
  i   inclination 
  e   eccentricity 
  Ω, ω, M  angles 
  n   number of revolutions per day 

  i, e and angles are given directly by TLE 
  By an iterative method (perturbed equations of 

motion), we obtain the value of a 
  h   equivalent altitude: h = a – R 

  R = Earth equatorial radius 



Comparison with  
the Sun-Synchronous satellites 

x 



Gan 
(Maldives) 



Gan 
(Maldives) 



Ouagadougou 
(Burkina Faso) 

 



Ouagadougou 
(BF) 


